ABSTRACT. Newborn infants (n = 26), subdivided into three groups in which only the nonprotein energy was manipulated, were studied during continuously administered total parenteral nutrition. Nonprotein energy intake was provided as a glucoselfat mixture, and fat energy represented 18% (group A), 29% (group B), and 40% (group C). Energy expenditure and substrate utilization were measured by indirect calorimetry during a 6-h period. Other analyses included 24-h urinary nitrogen excretion, glycemia, and lipid profile. The results showed that glucose oxidation increased with increasing total glucose intake ( p
The major goals of TPN are to provide adequate nutrition to maintain a body composition similar to that of the orally fed patient while causing the least physiologic and metabolic disturbance. Adverse effects of glucose-based TPN have been reported in adults and children ( 1-3).
Controversy exists as to which source of energy best influences energy storage and fat deposition. When glucose loads exceed energy maintenance requirements, lipogenesis from glucose has been observed in newborn infants (4) . and the increased energy cost of this process was implicated in the lower fat deposition in infants receiving high-glucose compared with high-fat regimens (5) . Discrepancies exist when no net lipogenesis from glucose is observed.
Substitution of part of glucose-derived calories with i.v. fat could reduce the undesirable effects and may improve nitrogen balance (6) . The positive relationship between the amount of energy infused and nitrogen retention has been investigated in adults and infants (7, 8) . However, controversy persists as to the precise role of the caloric source (glucose or fat) in preserving the best nitrogen balance. The "nitrogen-sparing" effect of fat may be explained in adults (9) . during sepsis or trauma, by the increased endogenous mobilization that provides two ATP per carbon atom more than from glucose (10) . This extra energy could be used for new tissue synthesis. Other investigators suggest that nonprotein calories, given either as glucose alone or as a glucose-lipid mixture, also promoted equivalent nitrogen retention (1 1, 12) and/or protein synthesis (13) in catabolic states. The conflicting results of the studies can be related to differences in experimental design, type of the infant pathology/clinical condition, age of patients, level of infused energy. and glucose:fat ratio.
The aim of the present study was to evaluate the energy substrate utilization, gas exchange. and protein metabolism in newborn infants receiving three different isocaloric, isonitrogenous TPN solutions in which only the proportions of calories derived from fat and glucose were varied.
SUBJECTS AND METHODS
Subjects. Twenty-six newborn infants in whom TPN was clinically indicated were investigated during the 1st wk of TPN therapy. Six were small-for-gestational-age infants ( 14) . with one. three, and two placed in groups A. B, and C. respectively. The rest were appropriate-for-gestational-age newborn infants. An unchanging clinical condition was a prerequisite for inclusion. and a 24-h hemodynamic stabilization period preceded the study. The clinical and anthropometric characteristics are summarized in Table 1 . As part of the patient group assignment. skinfold measurements were made by the same observer at the start of the study in a standard protocol using a Harpenden skinfold (20) . During the study. these patients were maintained on spontaneous ventilation and presented clinical and hemo-gas analysis normality [Pco2 between 37 and 55 mm Hg (4.93 and 7.33 kPa). Pccoz between 32 and 48 mm Hg (4.27 and 6.40 kPa)]. All individuals had normal renal function during the study. The protocol was approved by the hospital ethical committee. and fully informed. written consent was obtained from the subjects' parents. Nlrtrition protocol.\ and st1143 dr.sign. The subjects were randomly allocated to the three treatment groups. TPN regimens. commenced on day I and progressively stabilized by d 5 of the study ( Fig. 1 ), differed only in the source of nonprotein calories (glucose and fat) while remaining isonitrogenous and isocaloric. Nonprotein energy intake was provided as a mixture of glucose and long-chain fatty acids. Energy provided by fat represented 18%. 29%. and 40% in groups A, B, and C, respectively. TPN was delivered in 20 patients through a peripheral catheter (Abbocath. Abbott. IL) and. in six patients, through a central catheter (Epicutaneo-Cava. Vygon. Aachen, Germany). Nonprotein energy intake was provided by a separate infusion of longchain fatty acids (Intralipid 20%. Kabi Vitrum. Stockholm. Sweden) and glucose over 24 h. Nitrogen intake was from of the above variables. Indirrct calorirnc~trj~ und gas e.\-chung tncv.s~rrc~tnrlnt.s. Feeding regimens were kept constant for at least 24 h before indirect calorimetry measurements were performed.
Vo2 and Vco? were continuously measured for 6 h by opencircuit indirect calorimetry using the ventilated hood 2900 System (SensorMedics Corp.. Anaheim. CA) adapted for children (21) . Briefly. this cart is a mobile instrument with 0 2 and CO.. sensors that uses the principle of open-circuit indirect calorimetry. Before each measurement, the system was systematically calibrated using purified Nz/Oz, N2/02/C02 mixtures at precise. predetermined compositions. The whole system was periodically checked using nitrogen dilution tests (22) and RQ tests by ethanol combustion (23) Net substrate oxidation rates were calculated according to previously published methods (4. 24. 25). The 24-h urinary nitrogen excretion values were measured by the Kjeldahl method on the same day of the tests and were used to calculate NPRQ. In calculating oxidation rates, the following constants were used: 6.25 g of protein oxidized to produce 1 g N, and 966 mL Oz required to oxidize I g of protein to produce 774 mL C02. Voz was taken as 20 19 mL/g of fat (NPRQ = 0.696) and 746 mL of 0z/g glucose (NPRQ = I). Fat deposition values were obtained from the fat infusion rate minus the net fat oxidation rate. EE was calculated from gaseous exchange using the NPRQ (4 Nonparametric Mann-Whitney tests were used for comparisons between groups. Significance was designated as being greater than the 95% confidence limit. All descriptive and analytic statistics were performed using the spss/pc package (SPSS Inc., Chicago. IL).
RESULTS
There were no significant differences in birth weight, gestational age. weight, height, and age between the groups at the start of the study (Table I) None of the patients had glucosuria or ketonuria during the study. Table 2 summarizes the infant plasma glucose and lipid profile at the start and end of the study. There were no significant Biochemical Calorimetric m e a s u r e m e n t s Energy Intake ( K c a l / k g / d ) differences in plasma glucose, total cholesterol, HDL cholesterol. total FFA. and apoproteins A-l and B between groups during the study. On the day of the calorimetric measurement. total plasma triglyceride concentrations were significantly different between groups C and A ( p < 0.05). as were the total plasma phospholipids between group C and groups A ( p < 0.01 ) and B ( p < 0.05). Table 3 summarizes the respiratory gas exchange values. There was no difference in Voz values. whereas the Vco? was significantly lower in group C than in groups A and B (9.2 + 1.0 mL/ kg/min rvrslrs 10.4 + 1.2 and 10.4 + 1.3 mL/kg/min: p < 0.05). The NPRQ was 0.88 + 0.07 in group C. which was significantly lower than in group A (0.96 + 0.06; p < C.05). but not significantly different from group B (0.90 + 0.06: p = NS).
Despite the lower Vco, during the high-fat regimen. the Pcco? was not statistically different between groups. whereas Pco? was significantly decreased. as was the alveolar minute ventilation in group C relative to groups A and B (Table 3) . Table 4 summarizes the energy balance findings. Glucose oxidation increased with increasing glucose intake ( p < 0.05).
There were no significant differences in total glucose storage between groups. Net fat oxidation was observed in all groups and increased with the increasing percentage of energy infused as fat.
Net fat oxidation increased from 0.83 + 1.04 g/kg/d in group A to 2.00 + 1.2 1 g/kg/d in group C patients ( p < 0.05). There were no significant differences in fat storage between groups. There were significant differences in protein oxidation between groups.
Net protein oxidation was 1.14 + 0.32 g/kg/d in group A. which was significantly higher than in group B (0.70 + 0.21 g/kg/d: p < 0.01) and group C (0.78 + 0.28 g/kg/d; p < 0.05). Protein retention was greatest in groups B and C. EE was significantly lower and storage higher in group C relative to group B patients.
DISCUSSION
Carbohydrates are an important energy source in the course of TPN. However, high intakes of carbohydrates, usually administered as infusions of hypertonic glucose. may have certain disadvantages: I ) obligatory infusion by central venous catheters.
2) metabolic disturbances such as hyper-or hypoglycemia, 3) aggravation of respiratory acidosis resulting from increased COz production in patients with compromised pulmonary function. 4) fatty liver as a result of increased lipogenesis from glucose. and 5) rapid development of essential fatty acid deficiency in infants (1. 2. 26). The administration of fat emulsions with lesser quantities of glucose can minimize many of these problems. However. there is little agreement on the amount and type of nonprotein calories required to prevent lipogenesis from glucose or to ensure adequate protein retention in the newborn infant. Many studies have been designed to assess the effects of relatively large amounts of glucose (with or without fat) relative t o low-glucose-content regimens on substrate utilization and protein metabolism. Few have been designed to compare the effects of the proportion of energy administered as carbohydrates and fats within a range normally applicable in clinical practice. In the present study. glucose-only TPN was not considered. because premature newborn infants have metabolic evidence of essential fatty acid deficiency as early as 5-8 d postpartum. and. hence, lipid infusion was considered an essential clinical requirement, in contrast to other studies (5. 13. 27). The level and type of energy chosen was to sustain an adequate growth rate and an osmolarity suitable for peripheral infusion.
Oxidative glucose disposal rate increases in response to increasing glucose intake rate in the infant (6) . the newborn (28. 29). or the malnourished child (30) . and there is a physiologic maximum to glucose oxidation (31) . Various factors, such as the replacement of glucose by fat (32) and the composition of the infused fat, influence infant glucose oxidation. In our study. net fat oxidation was achieved in all groups of infants. The maximum fat oxidation capacity observed was approximately 2 g/kg/d at a fat infusion rate of 3.5 g/kg/d. The maximum glucose infusion rate. 19.2 g/kg/d, was in group A, in which the elevated oxidative glucose disposal rate of 11.2 2 1.2 g/kg/d was also observed. However. in none of the groups of children did the maximal rate of oxidative glucose metabolism exceed the 17.9 g/kg/d observed by Bresson et ul. (28) in children aged 2 to 17 mo. the 1 1 2 0.6 g/kg/d observed by Sauer et al. (29) in their full-term and premature newborn infants, or the 19 g/kg/d of our previous studies in children recovering from malnutrition (4. 30) .
In the present study, EE in groups A and B was significantly higher than in group C. This could be due to the high energy cost of the glucose processing. as previously observed by other investigators (6, (28) (29) (30) . Conversely. a mixed-fuel regimen is more energy efficient. especially one in which 40% of calories, in excess of the EE, were provided by fat (group C). The higher fat infusion was accompanied by slight changes in the plasma lipid profile, which may indicate possible adverse effects of longterm Intralipid infusion.
In a study using a glucose-only regimen, a higher metabolic rate and lower fat storage was found (5) . This was attributed to the high energy cost of de novo synthesis of fat from carbohydrate. Piedboeuf et ul. (33) suggested that increased alveolar minute ventilation could explain the increased EE resulting from the energy cost of breathing during a high-glucose/low-fat regimen. In our study, no group of children demonstrated a net lipid synthesis from glucose. although the alveolar minute ventilation was lower in the group receiving the greater quantity of energy in the form of lipids. As suggested by other investigators (27) . an increase in protein turnover after the administration of a parenteral regime rich in glucose could also explain the increase in EE observed in our study. However, because we did not conduct protein turnover studies, we are unable to address this aspect.
The protein-sparing effect of glucose is well documented (7, 34) . Although the nitrogen-sparing effect of fat has been observed in starving adults (9) during renutrition, differences of opinion still exist regarding the specific effects of energy sources (glucose and/or fat) on protein metabolism; in healthy adults, the most efficient nitrogen retention was achieved when carbohydrate was the major energy source ( 3 9 , whereas in other studies of parenterally fed infants, fat infusion did (6) or did not (36, 37) improve nitrogen balance. These glucose-based and glucose-lipid regimens. assessed in adults (12) and/or children undergoing TPN, resulted in equivalent nitrogen retentions. However, most of these studies had been conducted on limited numbers of polytraumatized subjects or patients with sepsis or in hypercatabolic states and, hence, the specific effects of these conditions on protein metabolism may have obscured the responses to the dietary modifications (38) . Our children had neither sepsis nor infection, and only five had been studied 6-10 d after surgery. Overall, the results indicated that the addition of more calories as fat emulsion significantly reduced protein oxidation while significantly enhancing protein retention. The five postsurgery subjects, distributed among groups A, B, and C, did not materially affect the mean values of their respective groups. Substitution of glucose by fat resulted in a significant decrease in protein utilization for EE while markedly improving protein retention.
The study of Pineault et al. (36) suggested that, for an i.v. energy intake level sufficient to cover maintenance requirements, glucose and fat provided an equivalent nitrogen-sparing effect in nonsepsis full-term and premature infants. In their study, maximal glucose and fat infused were 17 and 3 g/kg/d, respectively, in contrast to our present study maximums of 19.2 and 3.5 g/ kg/d. respectively. Their patient selection (postsurgery recovery patients), together with smaller differences in TPN regimens with their study groups, could explain the discrepancy relative to our present findings regarding nitrogen retention. Conversely, the study by Bresson al. (27) , using indirect calorimetry and stable isotopes, provides supportive evidence to our present study that the use of a balanced glucose-lipid regimen, as opposed to glucose-alone regimen, results in decreased whole-body-protein turnover, protein catabolism, and amino acid oxidation rates.
In conclusion, our results demonstrate that substitution of glucose by fat emulsion significantly reduces protein oxidation while significantly enhancing protein retention. Hence, highglucose TPN regimens cannot be advocated, as they result in decreased protein retention and increased EE.
